This study reports about simple, robust and reproducible method for simultaneous bioanalytical determination of Valsartan (VAL) and co-administered Clopidogrel bisulfate (CGB) and Fenofibrate (FEN) in raw materials, spiked human plasma and tablets using isocratic RP-HPLC method. The chromatographic separation is carried out using isocratic binary mobile phase consisting of 80 mM phosphate buffer pH 3: Acetonitrile (30: 70 %; v/v) at the flow rate of 1.1 mL/min and 33 °C. A Diode array detector at wavelength 214 nm was used. Retention times for VAL, CGB and FEN were 3.1, 5.1 and 6.4 min, respectively. The calibration curves obtained were linear over the concentration ranges of 2.5 -100 μg/mL for both VAL and CGB and 5 -100 μg/mL for FEN. The mean extraction recoveries of VAL, CGB and FEN from spiked plasma were 75.38±1.34 %, 89.91±2.17 % and 96.92±6.02 %, respectively. The limits of detection and quantification were 0.86, 0.67, 1.11 μg/mL and 2.60, 2.03, 3.36 μg/mL for VAL, CGB and FEN, respectively. The method was applied to the analysis of these drugs in spiked human plasma and in tablets as they are commonly used as a combination for prevention of stroke. Results obtained show good accuracy, precision and acceptable recoveries from plasma samples.
Introduction
Valsartan is an angiotensin-II receptor antagonist, used in treatment of hypertension. It is also used for patients with heart failure who are unable to tolerate ACE inhibitors (Sweetman 2009 ). Clopidogrel bisulphate is a thienopyridine antiplatelet drug, used in the treatment of thromboembolic disorders (Sweetman 2009 ). Clopidogrel bisulphate is official, have been determined in BP (The British Pharmacopoeia 2017) by titration with 0.1 M sodium hydroxide then the end-point determined potentiometrically and in USP (The United States Pharmacopoeia 2007) by HPLC method.
Fenofibrate is fibric acid derivative, used for regulating the lipids of plasma and in the treatment of hyper-lipoprotein-aemias (Sweetman 2009 ). Literatures reveal different methods for determination of all the three drugs in combinations with other drugs. Valsartan have been determined by using RP-HPLC methods in combination with hydrochlorothiazide in tablets (Tian et al. 2008) and also with amlodipine and hydrochlorothiazide in tablets and spiked human plasma (El-Gizawy et al. 2012) . Clopidogrel-bisulfate have been determined by using RP-HPLC methods in combination with aspirin in tablets (Shrivastava et al. 2008) , aspirin and atorvastatin calcium in capsules (Londhe et al. 2011) and with pantoprazole in rat plasma (Gurupadayya et al. 2014) . Fenofibrate have been determined by using RP-HPLC methods in combination with atorvastatin-calcium in tablet dosage forms ) and in combination with atorvastatin and ezetimibe in commercial formulation (Sahu et al. 2016) . Also a validated stability indicating RP-HPLC method is used for simultaneous determination of Fenofibrate with atorvastatin and folic acid in bulk and pharmaceutical dosage form have been reported (Khaleel and Abdul Rahaman 2016) . Modern studies state that stroke prevention is the greatest opportunity for decreasing stroke occurrence (Kernan et al. 2014) . There had been a significant decrease in stroke occurrence and mortality in several nations around the world over the last decade (Ovbiagele 2011; Hall et al. 2012; Rosengren et al. 2013; Wang et al. 2013) . This development in decreasing stroke incidence is mainly due to the better treatment of risk factors for stroke (Gu et al. 2012; Lackland et al. 2014) . The systematic combination of secondary prevention drugs is one of the proposed strategies for stroke prevention. For Secondary prevention of stroke, there were 3 possible recommended medication classes: antihypertensive (renin-angiotensin system modulator, β-blocker, calcium antagonist and diuretic), antithrombotic (antiplatelet or/and anticoagulation), and lipid modifier therapy (i.e., ezetimibe, statin, Fenofibrate and niacin). In this study, we introduce a simple, robust and precise HPLC method for simultaneous determination of a very effective combination of drugs that are used for secondary prevention of stroke which is Valsartan as antihypertensive, Clopidogrel bisulfate as antiplatelet and Fenofibrate as lipid modifier. There is no reported method for simultaneous determination of the three drugs either in spiked human plasma or in tablets. So, the developed method has been created to determine these drug combinations in both spiked human plasma and in tablets dosage form.
Experimental

Apparatus
All separations were achieved on an Agilent
Technologies 1200 series chromatographic apparatus with autosampler injector and 100 μL volume injection loop. UV lamp (Germany) and G1315D photodiode array detector (DAD) connected to HP computer loaded with Agilent Chemstation software were used for analytes detection.
Chromatograms were recorded on Agilent integrator. Mobile phase was filtered using 0.45 µm membrane filter (Millipore, Ireland), degassed using Agilent G1322A vacuum degasser with G1354A isocratic quaternary pump and solvent cabinets. Thermo Hypersil (250 mm × 4.6 mm I.D, 5 µm particle size column) was used for the analysis. For pH adjustment a digital analyzer pH meter equipped with glass electrode (Hanna, made in Europe, Romania) was used. Ultra-sound sonicator (Raypa, Spain) and also centrifuge (HermLe Labortechnik GmbH, Germany) were used.
Reagents and materials
Acetonitrile, methanol and water were of HPLC grade (Fisher Scientific, UK), orthophosphoric acid (Fisher Chemical® Laboratory Reagent Grade) and potassium dihydrogen orthophosphate (Fisher Scientific, Fair Lawn, New Jersey). 
Samples
Standard solutions
Stock standard solutions (1 mg/mL) of VAL, CGB and FEN were prepared by dissolving 25 mg of each drug in 25 mL volumetric flasks in methanol, stored in the refrigerator at 4 ºC. These stock standard solutions were stable for one week. Working solutions of VAL, CGB and FEN (100 µg/mL) were prepared, daily by suitable dilution of the stock solutions with methanol, respectively. Different aliquots of working solutions were transferred and diluted in 10 mL volumetric flasks with methanol to reach the concentration ranges of 2.5 -100 μg/mL for VAL and CGB and 5 -100 μg/mL for FEN.
Chromatographic conditions for general procedures
Analysis process was carried out at ambient temperature using Agilent Thermo Hypersil (250 mm × 4.6 mm I.D, 5 µm particle size column) and the mobile phase was an isocratic mixture of acetonitrile and 80mM potassium dihydrogen orthophosphate buffer (pH= 3±0.2 adjusted using orthophosphoric acid) in a ratio of (70 : 30; v/v) . The analysis was done at a flow rate 1.1 mL/min and using Diode array detector at wave length 214 nm with injection volume 10 μL. The mobile phase was filtered by passing through a 0.45 μm Millipore membrane filter type Hawp. The working standard solutions were prepared by dilution of the stock standard solution with methanol to reach the concentration ranges cited above. Triplicate 10 μL injections were made for each concentration and chromatographed under the optimized conditions described above. The calibration graph was constructed by plotting peak area of each concentration against the corresponding concentration.
Preparation of spiked serum sample
Prior to the extraction process, drug free plasma samples were removed from the deep freezer and were allowed to thaw. To a constant volume of human plasma (0.2 mL), 0.5 mL of each standard solution was added into 5 mL tapered bottom centrifuge tube, and the volume was made up to 4 mL by a adding 3.3 mL of a mixture of (acetonitrile: methanol, 1:1) to reach the final concentrations of the drugs in the spiked human plasma samples. The mixture was mixed well, standing for 5 min at room temperature, finally was centrifuged at 5,000 r/min for 20 min. To another clean tube, the upper layer was transferred and then filtered through a 0.45 μm Millipore syringe filter. 10 µL of the clear supernatant was directly injected into the liquid chromatographic system for analysis.
Preparation of pharmaceutical dosage sample
Ten tablets of the cited drugs were weighed, finely powdered then amount equivalent to 25 mg of each drug was accurately transferred into a 25 mL volumetric flask, dissolved in methanol and the flask was sonicated for 30 min, the volume was completed to the mark with methanol. The solution was filtered through a 0.45 μm membrane filter before injection into the column. The procedures were completed as mentioned above and the concentrations of the three drugs were obtained from the computed regression equations.
Method validation
The proposed method was validated according to ICH guidelines (International Conference on Harmonization 2005). It was validated for the parameters as linearity, limit of detection (LOD), limit of quantitation (LOQ), precision, specificity and accuracy.
Linearity, detection and quantitation limits
Calibration curves were obtained by the analysis of different preparations of one sample of each of the cited drugs and then, it was constructed by plotting the values of peak areas against concentrations of the cited drugs. The limits of detection (LOD) and limits of quantitation (LOQ) were determined in accordance with ICH recommendation by the use of standard deviation of the response and the slope of the calibration curve.
Accuracy
Accuracy of the measurements of the suggested method was determined using the calibration curves of the three drugs. It was determined by analysis of seven preparations of one sample for all the studied drugs.
Precision
Intra-day precision was determined for the cited drugs through replicate analysis of two concentrations (10 and 100 µg/mL), three successive times. Inter-day precision was determined through replicate analysis of two concentrations of the cited drugs on three successive days.
Specificity
The specificity of the proposed method was determined by comparing the chromatogram of the cited drugs in their pure form with the chromatogram obtained when the cited drugs extracted from spiked human plasma samples.
Robustness
The robustness of the proposed method was evaluated by the constancy of the peak area and the retention time upon deliberate minor variations in the method parameters; these parameters included the flow rate (1.09, 1.1 and 1.11 mL/min) and mobile phase ratio (30.5, 30 and 29.5 of phosphate buffer pH 3).
Analytical applications
The validity of the proposed method was evaluated by their application to the determination of the cited drugs in raw material, spiked human plasma and in their separate tablets dosage forms. A statistical comparison of the results obtained by the proposed and the reported methods (Gupta et al. 2010a , The British Pharmacopoeia 2017 and Gupta et al. 2010b ) was done.
Results and Discussion
Method development
Different chromatographic conditions (organic solvent ratio, flow rate, and pH) affecting the chromatographic separation of VAL, CGB and FEN were carefully studied in order to recognize the most suitable chromatographic system, separate the three drugs from each other with very good resolution and to obtain sharp and symmetrical peaks and retention time in between 2 and 8 min. 
Optimization of mobile phase pH
Different mobile phase pH values were tried in order to reach the optimum separation conditions. It was found that pH value below 3 lead to co-elution of the cited drugs. On the other hand, pH value greater than 3 resulted in increasing the retention times of the three drugs without improving separation. Thus, pH value of 3 was chosen as optimum pH for chromatographic separation. The change of KH2PO4 concentration did not have an influence on the separation process; so concentration of 80 mM of KH2PO4 was used.
Mobile phase composition
Using mobile phases containing methanol alone led to separation of the three drugs but with high noise. On the other hand, increasing the concentration of buffer to more than 50 % led to longer retention times for the three drugs, Clopidogrel bisulfate appears after 10 min. So, a combination of acetonitrile: phosphate buffer at ratio 70 -30 was found to be the ideal mobile phase for separation in this method as the retention time decreased to less than 7 min (Fig. 1) .
Column temperature
The mobile phase was pumped at different column oven temperatures in the range of 25 -35 °C. Peak shapes were improved with increasing temperature without affecting resolution and peak areas. So, 33 °C was found to be the optimum temperature for the separation of the cited drugs.
Flow rate
The effect of flow rate on the separation was studied to improve the resolution of the eluted peaks. The flow rate was changed over the range of 0.8 -1.2 mL/min. By beginning with the flow rate of 0.8 mL/min, the total run time was exceeding 10 min due to increasing the retention times of the three drugs. So, we increase the flow rate gradually in order to decease the total run time until reach the flow rate of 1.2 mL/min where, the plasma peak slightly overlapped with the first eluting drug, VAL. So, we decrease the flow rate again to 1.1 mL/min to ensure optimal and complete separation between the plasma peak and the three drugs.
Choice of appropriate wavelength
The three drugs showed main absorption peaks at 210, 214, 240, 255 and 270 nm but showed maximum absorbance at 214 nm so, setting the UV detector at 214 nm, permitting the determination of the three drugs at the same time.
Method validation
Linearity, detection and quantitation limits
Linear calibration curves representing the relation between the concentrations of drugs versus the peak areas were obtained in the range of 2.5 -100 μg/mL for both VAL and CGB and 5 -100 μg/mL for FEN. Linear regression equations were obtained and correlation coefficient, slope and intercept were calculated. Results are listed in Table 1 .
Accuracy
Accuracy of the measurements of the suggested method was determined using the calibration standards of the cited drugs. Mean recovery values of 98.89, 99.90 and 101.06 % were obtained for VAL, CGB and FEN, respectively, indicating high accuracy of the method. Results are listed in the Table 2 .
Precision
The relative standard deviations (RSD) of intra-day assay of the cited drugs were ranged from 0.19 to 2.47 % and for the inter-day assay was from 0.15 to 2.04 %. So, the values for RSD were not exceeding 2.5 % which revealed that the precision of the suggested method is very high. The results are listed in Table 3 .
Specificity
Specificity is the ability of the analytical proposed method to discriminate between target analytes and other components that may be present such as excipients, additives or endogenous plasma fluid components. Fig. 2 and 3 show the great specificity of the proposed method. Specificity of the proposed HPLC method was evaluated by its successful application to determine the cited drugs in their tablets with mean recovery of 98.29 %, 99.57 % and 101.08 % for Tareg® tab, Clopex® tab and Lipanthyl supra® tab, respectively (Table 4) . Also, specificity of the proposed HPLC method was assessed by its successful application to determine drugs in spiked plasma samples with excellent extraction recoveries (74 % -102 %) indicating that there was no interference from endogenous plasma components. Results are listed in Table 5 .
Robustness
The method proved to be robust for the minor variations in the method parameters but in case of increasing these small variation as in case of flow rate (1.05, 1.1 and 1.15 mL/min), this changes had influence on both peak area and retention time. The results are listed in Table 6 .
System suitability
System suitability test parameters; column efficiency (number of theoretical plates, N), tailing factor (T), retention factor (k), selectivity (ɑ) and resolution (Rs) were used to verify that the reproducibility and the resolution of the system were adequate for the analysis to be done (Table 7) .
Analytical applications
The statistical comparison of the results obtained showed that student's t-test and F-test (at 95 % confidence level) values are less than the tabulated ones, which showed that there is no significant difference between the proposed and reported methods. Results are listed in Table 8 . In Addition, the suggested method was applied to analyze drugs in spiked human plasma by simple protein precipitation procedure with acetonitrile: methanol mixture (1 : 1) followed by centrifugation and direct injection of the clear supernatant containing the cited drugs and analysis directly by the chromatographic system. Excellent extraction recoveries were obtained in Table 5 . 
Conclusions
The presented HPLC method is simple, precise and can be used by every drug laboratory. This new procedure is very important as these drugs are commonly used as combinations for patients after stroke recovery. Also the small sample plasma volume (0.5 mL), simple steps for precipitation of plasma proteins, good extraction recovery from plasma, and short run-time (less than 7 min) are additional advantages of this method. Finally, the method was applied to the analysis of both drugs in raw materials, spiked human plasma and tablets dosage forms and can be used for routine laboratories analysis and quality control purposes for pharmaceutical companies and are very beneficial for toxicological and drug interaction studies. Gupta et al. (2010b) 
